Abstract-Various adiabatic logic circuits can be used for minimizing the power dissipation. To enhance the functionality and performance of circuit two adiabatic logic families PFAL and ECRL have been used and compared with CMOS logic circuit design. In this paper, A MASTER-SLAVE D flip-flop is proposed by the use of SPICE simulation on 90nm technology files. The simulation result shows that PFAL is a better energy saving techniques then ECRL logic circuit.
I. INTRODUCTION
The expression "Adiabatic" is taken from a Greek language which means no energy transfer with outer environment, this process is known as a thermodynamic. So the dissipated heat loss in adiabatic logic families is very less. But in CMOS logic design, charge flow in the circuit is studied and many methods can be used for minimizing power dissipation in basic CMOS design like: reducing the power supply and switching activities. A combination of above all is important in portable systems which have some common issues such as weight, size and life of battery [2, 4, 27] .
In today"s modern era power dissipation is a primary concern in many application especially based on high performance battery operated and portable systems. By reducing the heat dissipation many digital signalprocessing system can improve in performance of the systems.
The switching power and energy dissipation of static, completely restoring CMOS logic can be derived from the use of simple charge and energy conservation principle. Consider a CMOS logic design in Fig.1 .
Here, if pull-down network is on and pull-up network is in cut-off region, the load capacitance (CL) at output is discharged through ground. Where if pull-down network is in cut-off region and the pull-up network is on then the current will flow from supply of power to the load CL until the output reaches [2, 13] . In a charging process of output, a size of charge delivered to the load is [1] .
Where, is load capacitance and is the power supply. If the voltage is 0 then no energy is conveyed by current returning through ground terminal. A node charged up with energy is [1] .
The half of power is stored in load capacitance through and the rest of half power must be dissipated as heat by a PMOS resistor in pull up network. In conventional CMOS circuits the energy is dissipated at the time of the discharging process, which cannot be recovered [14] .
The energy dissipation can be reduced by computation of adiabatic logic family during the charging and discharging process, and some of the energy is reused by recycling from the CL. [1, 2, 14] .
Adiabatic logic families can be used to design low power memory components which further can be used in various applications [28] .
Adiabatic logic works with the energy recovery principle where all charge transfer occurs without any heat dissipation. In adiabatic logic the charging and I.J. Intelligent Systems and Applications, 2015, 08, 45-50 discharging of load capacitance adiabatically is known as adiabatic switching [1, 2] . The adiabatic charging principle gives a way to charge load capacitor/parasitic capacitors via a resistor without dissipating of energy [20] . As shown in Fig.2 . The adiabatic logic circuits utilize AC supply voltage instead of the DC supply voltage. In above circuit, the charge transferred is and the average current will be (Q is transferred charge to the load) so, the computed dissipated energy is [20] . The energy dissipation (EDISS) is highly depended upon , so the energy dissipation can be reduced by minimizing the of PMOS network. The first order approximation of is given as: [13, 20, 24] . The result due to the "adiabatic principle" is a very slow change in systems which dissipate less energy than the fast ones; due to dissipation rates are proportional to the rate of change [20] . The equation (3) shows that it is also possible to minimize the energy dissipation by increasing the switching time values. This is known as the adiabatic charging principle and the "adiabatic" term we are using here to indicate that all transferred charge is occurring without generating the heat [2] . The partially/quasi adiabatic ECRL and PFAL techniques have been implemented and discussed in this paper.
In this paper: In Section II, operation and basic concept of ECRL and PFAL Adiabatic Logic are discussed. In Section III, a D flip-flop is described by using D-LATCH. Simulation results of inverter and D flip-flop are shown in Section IV and Section V shows conclusion.
II. OPERATION OF ECRL AND PFAL ADIABATIC LOGIC
Adiabatic logic circuits manifest their efficiency in real applications. In adiabatic logic there are four phases, evaluate/pre-charge, hold, recovery and wait. Adiabatic circuits deliver energy in pre-charge phase and then recover it in the evaluation phase [1] [2] [3] [4] . In Fig.3 According to new method, the load capacitance gets charged (in evaluation phase) and discharged (in recovery phase) through a clock power by CMOS transmission gate, and controlled by inputs. ECRL works on both (precharge and evaluation) phase simultaneously. Hold phase maintains the values (low and high) and then use these values as input for evaluation to next stage [4] . 
A. Efficient Charge Adiabatic Logic
The proposed circuit of ECRL inverter gate uses the four phase clocking rule, the schematic and simulated waveform is shown in Fig.4 and Fig.5 simultaneously.
The "evaluation/precharge phase" when input "a" is 1 and inverterd input "ab" is 0, the clk varies from 0 to vdd then the output "out" will be at ground level and "outb" will follow the pck (power clock).
As clk signal reaches to vdd, out and outb will enter into "hold phase" (hold the logic value 0 and vdd respectively). Now after the hold phase clk signal goes from vdd to 0, the delivered value will recover and outb returns its energy to clk in "recover phase".
ECRL uses 4-phase clock rule to recover all charges delivered through the clk signal, the next stage should be in the evaluation phase, if previous stage is holding the valid phase [4, 14] . 
B. Positive Feedback Adiabatic Logic
The proposed circuit of PFAL inverter gate is also utilizes the 4-phase clock rule, the schematic and simulated waveforms are shown in Fig.6 and Fig.5 simultaneously.
During "evaluation phase" when input "a" is 1 and input bar "ab" is 0, the power clock "clk" goes from 0 to vdd then out will be at ground level and outb will follow the clk signal. As clk (Power Clock signal) reaches to vdd, out and outb will enter in "hold phase" (hold the logic value 0 and vdd respectively). Now after the hold phase clk signal goes from vdd to 0, the delivered will recover and outb returns its energy to clk "recover phase".
Then "idle phase" will be inserted to manage the symmetry of clock, the authentic inputs are being produced in the wait stage. In wait phase, right inputs arebeing prepared in last stage [5, 14] .
III. D FLIP-FLOP USING D-LATCH
In digital circuit design there are various applications made by D-LATCH for temporary storage of data or as a delay element. Consider a conventional CMOS D-LATCH in Fig.7 which shows a basic two-inverter loop and two CMOS transmission gate switches. Here, D is a single input. If ck is high then Q (output) will follow value of the input D and when ck goes to zero, the Q or the information will preserve its state as the inverter loop. Hence, the ck input acts as a signal which allows data to be latched into the circuit when ck=1. The master stage is driven by ck signal and slave stage is driven by ck signal. So, the slave part is negative levelsensitive, while master part is positive level-sensitive. The power consumed by the ECRL inverter and PFAL inverter at various voltage power supplies ranging from 1.5V to 5V is plotted in Fig.10 .
ECRL D flip-flop and PFAL D flip-flop at various power supply variations form 0.9V to 1.2V is plotted in Fig.11 . The result has been compared with conventional CMOS circuit design. Here, it can be seen that in Fig.10 and Fig.11 the gap in between adiabatic logic families and CMOS logic is reducing as supply voltage minimized.
Adiabatic logic families are strongly dependent on parameters variation [17] . Fig.12 and Fig.13 shows graphical representation of frequency versus dissipated power in traditional CMOS logic inverter and a sequential circuit D flip-flop at 1.5V and 1V power supply simultaneously.
For the comparison purpose the ECRL logic and PFAL logic is compared by CMOS logic design at frequency ranging from 0.1MHz to 1 kHz. Here, we can see that as frequency is increasing power dissipation is reducing and at very high frequency again it starts increase in power dissipation. Hence, it is investigated that at high frequencies, the behavior is no more adiabatic [13, 17] .
But still PFAL and ECRL logic families consumes less power dissipation in circuit design by varying the parameters in circuit.
Adiabatic logic families show a advancement w.r.t CMOS, because of a high number of transistors needed in adiabatic implementation comparatively by the traditional CMOS implementation.
V. CONCLUSION
A D flip-flop circuit is designed with the help of inverter by using two adiabatic techniques ECRL, PFAL and a traditional CMOS have been successfully implemented to study the power consumption of digital and sequential circuits. The four phase clocking rule is used for to recover the efficient energy. The result has been carried out by using TSPICE simulation on 90nm technology files. It is investigated that PFAL and ECRL logic are even a better energy saving techniques as traditional CMOS. It is found that at high frequency the behavior is no more adiabatic. In overall conclusion, adiabatic logic can be used for low power circuits in VLSI design which reduced the energy dissipation over traditional CMOS logic design circuits.
